The Lancet Regional Health - Western Pacific 12 (2021) 100193

The Lancet Regional Health - Western Pacific

journal homepage: www.elsevier.com/locate/lanwpc

THE LANCET Regional Health
Western Pacific

Contents lists available at ScienceDirect . -

Research paper

Whole of population-based cohort study of recovery time from
COVID-19 in New South Wales Australia

Bette Liu'* Duleepa Jayasundara?, Victoria Pye? Timothy Dobbins’, Gregory ] Dore?,
Gail Matthews?>, John Kaldor?, Paula Spokes?

1School of Population Health, UNSW Sydney
2 public Health Response Branch, NSW Ministry of Health

3 Kirby Institute, UNSW Sydney

ARTICLE INFO

Article history:

Received 19 March 2021
Revised 2 May 2021
Accepted 30 May 2021
Available online 25 June 2021

Keywords:
COVID-19
Recovery
Cohort study

ABSTRACT

Background: COVID-19 results in persisting symptoms but there is little systematically collected data
estimating recovery time following infection.

Methods: We followed 94% of all COVID-19 cases diagnosed in the Australian state of New South Wales
between January and May 2020 using 3-4 weekly telephone interviews and linkage to hospitalisation
and death data to determine if they had recovered from COVID-19 based on symptom resolution. Propor-
tional hazards models with competing risks were used to estimate time to recovery adjusted for age and
gender.

Findings: In analyses 2904 cases were followed for recovery (median follow-up time 16 days, range 1-
122, IQR 11-24).There were 2572 (88.6%) who reported resolution of symptoms (262/2572 were also hos-
pitalised), 224 (7.8%) had not recovered at last contact (28/224 were also hospitalised), 51 (1.8%) died of
COVID-19, and 57 (2.0%) were hospitalised without a documented recovery date. Of those followed, 20%
recovered by 10 days, 60% at 20, 80% at 30, 91% at 60, 93% at 90 and 96% at 120 days. Compared to those
aged 30-49 years, those 0-29 years were more likely to recover (aHR 1.22, 95%CI 1.10-1.34) while those
aged 50-69 and 70+ years were less likely to recover (aHR respectively 0.74, 95%CI 0.67-0.81 and 0.63,
95%CI 0.56-0.71). Men were faster to recover than women (aHR 1.20, 95%CI 1.11-1.29) and those with
pre-existing co-morbidities took longer to recover than those without (aHR 0.90, 95%CI 0.83-0.98).

Interpretation: In a setting where most cases of COVID-19 were ascertained and followed, 80% of those
with COVID-19 recover within a month, but about 5% will continue to experience symptoms 3 months
later.
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Research in context

Evidence before this study

There is significant concern regarding the longer-term ef-
fects of COVID-19 but to date most studies have been re-
stricted to volunteers or people hospitalised with disease
which may bias estimates of recovery.

Added value of this study

In this study we followed 94% of all people with a
laboratory-confirmed diagnosis of COVID-19 in the Australian
state of New South Wales to determine if they had recovered
from their infection. We found that 80% of those with COVID-
19 recover within a month, but about 5% will continue to ex-
perience symptoms 3 months later. Older people, women and
those with comorbidities were less likely to report recovery.

Implications of all the available evidence

Accurate estimates of the proportion of people diagnosed
with COVID-19 who experience long-term effects are impor-
tant to estimate the impact of disease at a population level.
Our whole of population estimates suggest that while only a
small proportion of those presenting with COVID-19 will have
prolonged symptoms, given the scale of the pandemic and
the number of cases diagnosed worldwide, these effects are
significant and should be considered in balancing the costs
and benefits of prevention strategies.

1. Background

COVID-19, the disease caused by SARS-CoV-2 infection was de-
clared a global pandemic in early 2020. While substantial knowl-
edge has now accumulated regarding the acute clinical presenta-
tion of SARS-CoV-2 infection and some of the pathophysiological
changes observed, particularly in people with serious disease who
are hospitalised, less is known about the clinical course, partic-
ularly in those with less severe disease. Numerous case reports
from those diagnosed with COVID-19 have described a prolonged
recovery with persisting symptoms including fatigue, shortness of
breath, atypical chest pains or palpitations, changes in mood and
sleep disturbances, and cognitive dysfunction [1-3].

There is however substantial variation in estimates of recov-
ery time. A systematic review and meta-analysis conducted early
in the pandemic, based on 7 small case series, reported mean
time from symptom onset to recovery from COVID-19 was 19
days but included both hospitalised and non-hospitalised popula-
tions and there was significant heterogeneity among estimates [4].
Other studies including samples of hospitalised patients (N=143)
[5], non-hospitalised adults (N=292) [6], and self-reported cases
who logged symptoms into a smartphone application (N=4182) [7],
have also suggested a wide spectrum of recovery times. To date,
studies are limited by their unsystematic sampling frames and low
response rates which means their findings may not be generalis-
able [8].

Australia has managed to contain COVID-19 relatively well with
currently about 30,000 cases nationally in a population of over 25
million [9]. Since the beginning of the pandemic Australia has had
very high SARS-CoV-2 testing rates and very low test positivity
suggesting that case detection is high, at least for symptomatic in-
fection [9]. New South Wales (NSW) is Australia’s most populous
state with a population of over 8 million people, and the location
of most cases in the first wave of infections in Australia (January to
May 2020). We used the state’s comprehensive disease notification
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registry, follow-up questionnaires and linked health datasets to es-
timate the recovery time in all people diagnosed with COVID-19 in
NSW.

2. Methods
2.1. Population

Our sampling frame comprised all people diagnosed with
COVID-19 in NSW. Cases were identified through the NSW Notifi-
able Conditions Information Management System (NCIMS) a statu-
tory public health register that records infectious diseases legally
notifiable to public health authorities. It receives electronic no-
tifications from laboratories and health practitioners and is used
for disease surveillance and outbreak management. Detailed infor-
mation on the data available on COVID-19 cases in the NCIMS is
available elsewhere [10]. During the study period cases of COVID-
19 were considered as confirmed if they met nationally agreed
case definitions, which includes having a positive test to a vali-
dated SARS-CoV-2 nucleic acid test [11]. For all cases recorded on
the NCIMS database, information collected at initial case interview
included the date of illness onset, reported symptoms, test date
and result, as well as sociodemographic characteristics and co-
morbidities. Information on hospitalisation and death from COVID-
19 was entered subsequently, as it became available.

2.2. Follow-up through surveys and record linkage

Between April and July 2020 all people with confirmed COVID-
19 reported in the NCIMS were contacted by telephone, on aver-
age 28 days after their initial diagnosis with COVID-19. They were
asked, “Do you still have any symptoms following your COVID-19
infection?”. If yes, they were asked to report the symptoms ex-
perienced and if no, the date they last had symptoms and how
long they were sick for. Interviewers were instructed to only col-
lect symptoms that were new following the COVID-19 diagnosis.
Those reporting having symptoms were interviewed at approxi-
mately 3-weekly intervals until resolution of symptoms. Contact
for interview was not attempted if information provided to NCIMS
indicated the person had died, or at the time of attempted con-
tact the person was hospitalised or in a residential aged care facil-
ity. Telephone contact with eligible cases was attempted at least 5
times over a 2-week period before they were considered as non-
responders.

We used methods previously described to link cases to a reg-
ister of hospitalisations in NSW to determine if they had at least
an overnight inpatient admission for COVID-19, to supplement the
reporting to NCIMS [12]. Reports of COVID-19 related deaths were
obtained from the NCIMS record. Interviews were approved by the
NSW Health Department as part of routine public health surveil-
lance and this study was approved by the UNSW Human Research
Ethics Committee (HC200483).

2.3. Data Statement

Data used in these analyses are held by the NSW Ministry of
Health. Data are only available on request to the Ministry and with
appropriate ethical clearances regarding use.

2.4. Analysis

For our primary analysis we included all confirmed COVID-19
cases reported to the NCIMS database with an onset date from
1 January to 29 May 2020, and for which there was a follow-
up record through either a completed telephone interview, or a
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COVID-19 hospitalisation or death record. The outcome of inter-
est was recovery from COVID-19 defined as the absence of self-
reported symptoms of COVID-19. Follow-up commenced at the re-
ported date of onset of COVID-19 which was the date of first symp-
toms or the date of first positive test, whichever came first, and
concluded at the first date no symptoms of COVID-19 were re-
ported or the date of last interview (if symptoms continued), or
if they had no interview record, the last date of COVID-19 related
hospitalisation or date of death. Cases who had no symptoms at
the time of their first positive SARS-CoV-2 test were included in
analyses, as a few reported having had symptoms at the 28-day
interview but for the vast majority of these cases, recovery was
considered to occur one day following their positive test.

Survival analysis was used to estimate the relative risks of re-
covery by age, gender, socioeconomic status, symptoms reported at
onset and selected pre-existing co-morbidities. As people who die
from COVID-19 cannot recover, a competing-risks regression was
used to allow for the competing risks of COVID-19 death [13]. All
analyses were routinely adjusted for age and gender.

2.5. Role of the funding sources

The study funders had no role in study design, data analysis,
data interpretation or writing of the report. The corresponding au-
thor had full access to the data in the study and had final respon-
sibility for the decision to submit for publication.

3. Results

In total there were 3096 confirmed COVID-19 cases diagnosed
in NSW during the study period. Of these cases follow-up informa-
tion was available for 2904 (93.8%) who were followed in statisti-
cal analyses for a median of 16 days; range 1 to 122; interquartile
[IQR] range 11 to 24. Of those with follow-up data, 2572 (88.6%)
had a documented interview record that they had recovered (of
which 262 were hospitalised), and 224 (7.8%) had not yet recov-
ered at time of last telephone contact (of which 28 were hospi-
talised). A further 51 (1.8%) died of COVID-19 and 57 (2.0%) were
hospitalised for COVID-19 without a documented interview record
of a recovery date. A flow diagram describing the outcome for
all cases with follow-up information is shown in Appendix 1. The
mean time between onset of COVID-19 and first interview or be-
tween subsequent interviews if required, was 29 days (SD 12; me-
dian 27 days, IQR 23-33). The average age of the 2904 cases was
47 years (standard deviation [SD] 20 years), 51% were female and
65% had a reported comorbidity. Of cases analysed, 3.9% (113/2904)
were asymptomatic at diagnosis of which 94% (106/113) reported
having no symptoms at follow up. The characteristics of cases over-
all and according to whether they were hospitalised or died are
shown in Appendix 2.

Figure 1 shows the cumulative incidence curve for recovery
from COVID-19 among the 2904 cases and Appendix 3 provides
the cumulative incidence data in 5-day intervals following disease
onset. In the first 10 days after illness onset, only 20% of cases had
recovered but by 20 days 60% had recovered; by 30 days, 80% had
recovered; by 60 days 91% had recovered; by 90 days 93% had re-
covered, and by 120 days 96% had recovered. Of those who had
not recovered at the time of their last interview, the most com-
monly reported residual symptoms included cough (46.7%) and fa-
tigue (36.0%).

Figure 2 shows the hazard ratios for time to recovery from
COVID-19 according to age, gender, presence of symptoms at di-
agnosis, and level of socioeconomic disadvantage and Appendix 4
shows cumulative incidence curves by age and gender and cumula-
tive incidence tables by age group are in Appendix 5. After adjust-
ing for gender, compared to those aged 30-49 years, those aged 0-
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Figure 1. Cumulative incidence of recovery from COVID-19 among N=2904 cases

29 years were 22% more likely to recover whilst those aged 50-69
years were 26% less likely to recover and those aged 70+ years 37%
less likely to recover. After adjusting for age, men were 20% faster
to recover than women. Those with symptoms at COVID-19 diag-
nosis were substantially slower to recover than those who were
asymptomatic at diagnosis. There was no discernable difference in
likelihood of recovery by socioeconomic disadvantage.

Figure 3 shows the relative risk of recovery according to symp-
toms reported at COVID-19 diagnosis. Compared to those without
any symptoms there was a substantially lower likelihood of recov-
ery if any symptoms were reported but this did not vary with the
type of symptoms experienced.

For many comorbidities examined (Figure 4), particularly
among people with chronic kidney disease, cerebrovascular disease
or chronic obstructive pulmonary disease (COPD), the likelihood of
reporting continuing symptoms for those with the condition was
lower than in those without. Those with more comorbidities were
also less likely to recover than those with fewer.

4. Discussion

In this study we aimed to use a systematic and inclusive sam-
pling frame to estimate recovery from COVID-19. In our sample of
close to 3000 confirmed COVID-19 cases we found 80% of people
had recovered within a month of disease onset, more than 90% re-
covered by 2 months and 93% by 3 months. We also found that
recovery is faster in younger people, in men compared to women,
and in those with no comorbidities. The major strength of our
study is that we have systematically followed almost the entire
population diagnosed with COVID-19 within the Australian state
of NSW to ascertain recovery from infection thereby reducing po-
tential for selection bias that may affect many other studies [8].
We had follow-up data on 2904 laboratory confirmed COVID-19
cases, which included almost 95% of all people diagnosed during
the study period.

While there have been numerous case reports and case series
of people experiencing prolonged recovery from COVID-19 there
are few large studies that include unselected population samples
documenting recovery, particularly in people who have not been
hospitalised. Thus, accurate information on what proportion of
COVID-19 cases are expected to experience prolonged symptoms
is limited. A US study randomly surveyed adults who were diag-
nosed through outpatient settings. They found among 274 symp-
tomatic cases (56% response rate) that at an average of 16 days



B. Liu, D. Jayasundara, V. Pye et al.

The Lancet Regional Health - Western Pacific 12 (2021) 100193

Recovered Population aHR* aHR* (95% ClI)
(n) (N) (95% ClI)

Age
0 to 29 years 681 749 1.22(1.10-1.34) -
30 to 49 years 701 833 ref u
50 to 69 years 659 885 0.74 (0.67-0.81) -
70+ years 269 437  0.63 (0.56-0.71) -
Gender
Female 1163 1468 ref [ |
Male 1147 1436 1.20 (1.11-1.29) : 3
Symptoms at diagnosis
No 102 113 ref
Yes 2200 2778  0.36 (0.26-0.50) .
Unknown 8 13 0.32(0.15-0.71) ———
Socioeconomic quintile
Most disadvantaged 214 290 ref .
2nd 328 428 1.10 (0.94-1.29) ——
3rd 289 370 1.07 (0.91-1.25) —_—
4th 396 482 1.06 (0.91-1.23) ——
Least disadvantaged 1005 1220 1.05 (0.91-1 .20)I : —II— : !
*Hazard ratios adjusted for age and gender 0 05 10 15 20

Likely to recover

Less More

Figure 2. Relative risk of recovery by age, gender, symptoms at diagnosis and socioeconomic status

Recovered Population aHR* aHR* (95% ClI)
(n) (N) (95% CI)

Cough 1617 1843 0.34(0.24-047)
Fatigue 1542 1753  0.34 (0.24-0.48) -
Fever 1280 1467  0.33(0.24-0.47) i
Headache 1309 1464  0.36 (0.26-0.51) i
Sore throat 1028 1168  0.33 (0.23-0.47) ——
Joint/muscle aches 993 1115  0.34 (0.24-0.48) ——
Runny nose 851 953 0.34 (0.24-0.48) —-—
Nausea, vomitting, diarrhoea 728 851 0.31 (0.22-0.44) —
Shortness of breath 527 657 0.27 (0.19-0.38) —=—
Change in smell and/or taste 302 348 0.30(0.21-0.43) ——
Chest pain 110 135 0.24 (0.16—0.35)I |— |

*Hazard ratios adjusted for age and gender

0 02040608 101.2
Less likely to recover

Figure 3. Relative risk of recovery by symptoms reported at onset (compared to those with no symptoms at all), adjusted for age and gender

post-laboratory diagnosis, 35% had not recovered [6]. Similar to our
analysis, they found a higher proportion of younger cases had re-
covered and that those with more comorbidities were less likely
to have recovered. However, unlike in our report, they did not
find differences between men and women. In another sample of
4182 adults from the UK, the US, and Sweden (mean age 43 years;
28.5% male) who volunteered to log their symptoms into a smart-
phone application and had reported testing positive for SARS-CoV-
2, about 13% reported symptoms lasting longer than 28 days, 4.5%
for more than 8 weeks and 2.3% for more than 12 weeks [7]. Sim-
ilar to our report this study also reported a longer duration of
symptoms in older adults and in women but also found longer du-
ration of symptoms in those with high body mass index. The UK
Office for National Statistics has surveyed over 8000 people who
tested positive for COVID-19 and reported that 21% were symp-
tomatic at 5 weeks post-infection and 10% at 12 weeks [14]. As

our sample includes all people diagnosed with COVID-19 in NSW,
including those who died or were hospitalised with COVID-19 our
estimates of the proportion of people recovered over time are un-
likely to be directly comparable to these other samples.

Other viral infections such as Epstein-Barr virus are known to
cause prolonged illness characterised by fatigue [15] and long-term
effects of COVID-19 are not unexpected with studies on people
with SARS-CoV-2 infection suggesting evidence of impairment in
multiple organs, predominantly the heart and lungs even in those
not hospitalised with the disease [16,17]. It has been hypothe-
sised that as the virus attaches to the ACE2 receptor, which is
present on the lung as well as many other organs, that inflamma-
tory changes leading to longer-term organ damage may occur and
that this may lead to long-standing symptoms from the disease [1].
Other proposed mechanisms for persisting symptoms include that
some people infected by SARS-CoV-2 continue to harbour virus or
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Recovered Population aHR* aHR* (95% Cl)
(n) (N) (95% Cl)

Any comorbidity 1,653 1887  0.90 (0.83-0.98) ]
Ischaemic heart disease 72 92 0.85 (0.68-1.06) —
Cerebrovascular disease 22 34 0.58 (0.38-0.88) —
Hypertension 394 471 0.86 (0.77-0.97) -
Chronic kidney disease 13 24 0.47 (0.28-0.80) ——
Cancer in last year 11 12 1.46 (0.76-2.82)
COPD 188 247 0.68 (0.58-0.79) =
Asthma 294 339 0.95 (0.84-1.07) -
Obesity 1,252 1424  0.94 (0.87-1.02) |
Diabetes 157 197 0.82 (0.70-0.97) ==
Immunosuppression 97 116 0.87 (0.73-1.05) —
Recovery by no. of comorbidities
0 919 1017 ref |
1 1126 1240 0.94 (0.86-1.02) L]
2 335 396 0.89 (0.78-1.01) -
3+ 192 251 0.64 (0.54—0.75)I -

*Hazard ratios adjusted for age and gender

T T T 1
0 051015 2025
Likely to recover

Less More

Figure 4. Relative risk of recovery by comorbidities compared to those without that comorbidity, adjusted for age and gender

persisting viral fragments which trigger immune responses, or that
in some people the longer-term effects from COVID-19 result from
an overactive immune response such as observed in other post-
viral syndromes [18,19].

Our findings may be explained by the different mechanisms
that are thought to underlie prolonged recovery from COVID-19. It
is well known that COVID-19 severity, hospitalisations and deaths
increase with increasing age and with the prevalence of some co-
morbidities. Therefore, it is unsurprising that we found recovery
was longer and was less likely in these groups. It is less clear why,
after adjusting for age, women took longer to recover than men.
Women are known to have higher incidence of autoimmune and
inflammatory conditions than men, so our findings also support
suggestions of an immune mechanism underlying prolonged symp-
toms. It has been reported that greater socioeconomic disadvan-
tage may increase COVID-19 severity [20] however after adjusting
for other factors we did not find significant differences in likeli-
hood of recovery between different socioeconomic groups in our
whole of population sample.

During the study period (Jan to May 2020) in NSW, SARS-CoV-
2 testing was predominantly recommended for individuals who
had symptoms suggestive of COVID-19 and asymptomatic screen-
ing was mostly confined to close contacts of known cases. There-
fore, while we were able to follow almost all cases with COVID-
19 diagnosed in the state it is likely that a proportion of mostly
asymptomatic cases were not diagnosed and therefore not in-
cluded in this analysis [21]. As we found that only a small pro-
portion of people (6%) who were asymptomatic at initial diagnosis
reported any symptoms at follow-up it is likely that the impact of
these missed cases would be to reduce overall estimated recovery
times.

Study limitations include that if at interview people reported
no further symptoms, they were not re-interviewed, so it is pos-
sible if people experienced a recurrence of symptoms this would
not have been captured. Furthermore, symptoms initially reported
were not collected using standardised tools so they may not be
comparable with other studies. Also, contact protocols meant that
people hospitalised or in aged care were less likely to be inter-

viewed. While this was a relatively small proportion of the total
sample, this loss to follow-up is likely to be biased towards the
older age group, leading to a potential overestimate of likelihood
of recovery in this group. Also while interviewers were asked to
only record symptoms related to the diagnosis of COVID-19, it is
possible that those with comorbidities may have had difficulty dif-
ferentiating pre-existing complaints from new ones, also creating
a bias towards those with more comorbidities being less likely to
be classified as recovered. Finally, no functional or diagnostic mea-
sures were conducted although this was not the aim of our study
and is likely to have enabled the high follow-up rates which was
the purpose of this epidemiological report.

In summary, we found that in a large whole-of-population
sample of mostly symptomatic people with laboratory confirmed
COVID-19, while 80% recover within 30 days of infection, at 3
months from disease onset, 7% had not. Given that 1.8% of peo-
ple in our sample also died of COVID-19, our data suggests that
approximately 5% of people with COVID-19 will continue to ex-
perience symptoms at 3 months post-infection. Compared to con-
ditions such as influenza where recovery is expected within 1-2
weeks [22], our data further demonstrates the substantial direct
impact of COVID-19 on population health and the need to consider
not only the impact of COVID-19 on hospitalisations and deaths
but also the longer-term health of those who have milder forms
of the disease. With now more than 150 million cases diagnosed
worldwide, the findings from this study highlight the importance
of preventing infections through both non-pharmaceutical inter-
ventions and vaccination to avoid direct effects on longer-term
health in the population. They also highlight the need to improve
clinical services to support recovery from COVID-19.
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